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Abstract 



A version of the cosmological perturbation theory in general relativity (GR) is developed, 
where the cosmological scale factor is identified with spatial averaging of the metric deter- 
minant logarithm and the cosmic evolution acquires the pattern of a superfluid motion: the 
absence of "friction-type" interaction, the London-type wave function, and the Bogoliubov 
condensation of quantum universes. This identification keeps the number of variables of GR 
and leads to a new type of potential perturbations. A set of arguments is given in favor of 
that this "superfluid" version of GR is in agreement with the observational data. 
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1. Introduction 



Separation of the cosmological scale factor from metrics in general relativity (GR) is well known 
as the cosmological perturbation theory proposed by Lifshitz £Q and applied as a basic tool 
for analysis of modern observational data in astrophysics and cosmology However, the 
number of variables of the Lifshitz theory differs from GR. In the present paper, a new version 
of the cosmological perturbation theory PJ is discussed, where the logarithm of cosmological scale 
factor coincides with spatial averaging the metric determinant logarithm, so that the number of 
variables of GR is conserved. The conservation of the number of variables allows us to solve 
the energy constraint, fulfil the Dirac Hamiltonian reduction and quantization. This Quantum 
Gravity has some attributes of the theory of superfluidity of the type of Landau's "superfluid" 
dynamics Hj, London's unique wave function pj, and Bogoliubov's squeezed condensate j^] and 
gives us a new possibility to explain the "CMBR primordial power spectrum" and other topical 
problems of modern cosmology. 



2. "Superfluid" motion and potential perturbations 

GR was given by Einstein and Hilbert 90 years ago with the "dynamic" action 



/ 



6 



R(g) + £(m) 



(i) 



Wir ^Planck * s the Newton constant, £(m) is the matter Lagrangian, and an "interval" 



where ipQ 

g^udx^dx" = UJ( a )UJ( a ) = U (0) UJ ( 0) -LJ W UJ W - IV ( 2 )UJ (2) 

of an orthogonal simplex of reference 0Jr a \. 

These simplex components in the reference frame of the Dirac 
to GR [7J take the form 



W(3)(a>(3) presented here by the components 
ADM Hamiltonian approach 



w ( o) = VN d dx°, 



'(b) 
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w (6) =^ z e (b)i (dx l + AW); 



(2) 



here e( a v are triads of the spatial metrics with det |e| = 1, iV d is the Dirac lapse function, N r 
is shift vector, and tp is a determinant of the spatial metric. All these components were consid- 
ered by Dirac as the potentials except of two transverse triads distinguished by the constraints 
^i e (a) = an d the zero determinant momentum = 0. Latter contradicts to Friedmann- 
type evolution in the homogeneous approximation of GR, where the determinant component is 
identified with the cosmological scale factor (ip 2 ~ a(x )) and its momentum coincides with the 
Hubble parameter. The question appears about the status of the Hubble parameter in the Dirac 
Hamiltonian approach [Jj. 

To answer this question we consider the cosmological perturbation theory [2] g^u = 
a 2 (x°)5 Atl/ in terms of the Dirac - ADM variables, where one can get the new lapse function 
Nd = [\/—g g 00 ]^ 1 = a 2 Nd and spatial determinant tp = (y / a)~ 1 V'- 

~lit(g) 



After the separation of the spatial metric determinant in the curvature ^—gR{g) 
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the determinant part of the Lagrangian takes the form 



L 



<p z / d xNd 



2 /T ^2 , ( doa 



N d 



2ifQdoa 2 J d 3 xv^ 



+ ..., 



(3) 



where Tty = (<9 Q - N l di) log V - \d t N l /N d is a local velocity. One can see that this Lagrangian 
contains the velocity- velocity interaction distinguished by the box in Eq. (0). This interaction 
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mixes the canonical momenta 



Pn 



dL 



d(d a) 
dC 



tp 2 / d 3 x 



4a Vip 



+ 2 



dpa 
N d . 



-2tp\a 



4aity + 



dpa 
N d 



d(d logijj) 

so that the integral of the local momentum coincides with the one of cosmic motion 

d 3 xp~^ = — 2tp\a J d 3 x 



(4) 
(5) 
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d a 



N d 



2aP a 
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and the Hamiltonian approach is failure. The reason of that is the increase of the number of 
variables after the separation a(x°). 

In order to keep the number of variables, we identify logi/a with the spatial volume "aver- 
aging" of log tp: logv / a= (logV') = / d 3 xlogV' /Vq, where Vq = f d 3 x < oo is a finite volume. In 
this case, the new determinant variable tp and its velocity satisfy the identities 



d 3 x\ogtp = / d 3 x [logip — {logtp)] = 0, 



/ 



d 3 xv^ = 0. 



(7) 



This means that all the box terms in Eqs ©- © disappear together with the "friction-type" 
velocity-velocity interaction. The momenta (@J) and ® are completely separated 



Pn 



-2V tp 2 d a((N d 
dC 



-2V <4^ = -2V tp 2 a>, 



d(d log tp) 



8tpla 2 v^, 



(9) 



here the averaging ((iV^) -1 ) determines the time interval dQ = {{N d )~ l ) dx° that is invariant 
with respect to reparametrizations of the coordinate evolution parameter x°. In this case, the 
scale transformation = a 2 (x°)g^ u converts the GR action (QJ into the "friction-free" one 



S[<p ] = S[<p] - / dx°(d p) 



d 3 x 



(10) 



where S[<p] is the action (QJ in terms of metrics g and the running scale tp(x°) = tpoa(x°) of all 
masses including the Planck one tpQ. The energy constraint 5S[tpo]/5N d = takes algebraic form 
[H| with respect to the invariant local lapse function iY"i nv = Nd^Nd)" 1 ) 



6S[y>] 
SN d 



~d Q ip~ 
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where Tq is the local energy density. This equation has the resolution in both the local sector 

(12) 



iVir 



and the global one 



C(^ol^) = / dx°{(N d 
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tip( jT°(p) 



-i 



(13) 
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where the invariant time ( is connected with the scale factor by the Hubble-like law. 
The explicit dependence of Tq on tp was given by Lichnerowicz ^7j] 

f ° = ^ 7 A^ + ^ ^af- 2 r/, T 7 = <Tj) + Tf, 



(14) 



where Aip = —^-dg^d^tp is the Laplace operator and 77 is partial energy density marked by 

the index I running a set of values 1 = (stiff), 4 (radiation), 6 (mass), 8 (curvature), 12 (A- 
term) in correspondence with a type of matter field contributions. The negative contribution 
— (16/<p 2 )p^ 2 of the spatial determinant momentum in the energy density 77=0 can be removed 
by the Dirac constraint [Z| of the zero velocity of the spatial volume element 



— 2 1 

Pip = -8<p — 

N d 



{d -N l d l )hx^--d l N 
b 



,d V> 6 -di[ip 6 N l ] 
$N d 



0. 



(15) 



In the class of functions F = F — (F), the classical equation 5S / 5 log ip = takes the form 



~,9T ~ 

N d lJ)—2r + IpA 

dip 



dAip 



and gives both the determinant tp = 1 + \i and the lapse function lfT2)l N- mY tp 7 = 1 — v. 
The first order of this equation determines /Z and V in the form of a sum PJ 



d 3 y 



D {+) (x,y)TM(y) + D H (x,y)TM(y) 



\ J d 3 y [l? (+ ,( ! r,y)rf5 ) (y) + D H (x,y)r[l ) ) (y) 



(16) 
(17) 



where 



/ 3=^l + [(r (2) )-14(T (1) )]/(98(r (0) )), 

= [1 ± 49/3]r^ T 7/3^7) , t[% = [7 ± (14/3) "^r^y - 7^ 
are the local currents, D/±\[x,y) are the Green functions satisfying the equations 

[±mj ±) - A]D (±) (x,y) = 5 3 {x-y), 



(19) 



where = 14(/3 ± 1)(t( )) T ( r (i))> r (n) = J2i^ n(12 2t i- I n the case of point mass dis- 

tribution in a finite volume Vq with the zero pressure and the density tm\(x) = T(T)(x)/G = 
M [5 3 (x — y) — 1/Vq] , solutions (|TH|l . (|T7|l take a very interesting form 

(20) 
(21) 
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r 3 = 


3M 

= r = x — y . The zero volume velocity 

47T(/^ 



where 71 

gives the diffeo-invariant shift of the coordinate origin 



r 

/ 



V(C,r) = I dr f 2 ^ 6 (C,f). 



(22) 
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In the infinite volume limit {rr n \) =0, a = 1 solutions l(27T|) and (|2~T|) coincide with the isotropic 

version of the Schwarzschild solutions: ip = 1 + Ni nv ^ 7 = 1 — N k = 0. 

4r 4r 

The main differences of the superfluid-type version of GR from the Lifshitz version |2] are 
the potential perturbations of the scalar components N- mv ,ip instead of the kinetic ones and the 
nonzero shift vector N k ^ determined by Eq. (|T5)l . Recall that just the kinetic perturbations 
are responsible for the "primordial power spectrum" in the inflationary model [2J. The problem 
appears to describe CMBR by the potential perturbations given by Eqs. (|TH|l - (J22J)- 



3. London wave function & Bogoluibov condensation 

The main consequence of the separation of the cosmological scale factor is the London-type 
globalization of the energy constraint (|T2*|l . It fixes only the scale momentum P^ 



P 



E 



2 I d 3 x\/T$ 



(23) 



in contrast to the energy constraint in GR without the cosmological scale factor. The "reduced" 
action can be obtained as values of the Hamiltonian action for the energy constraint 



[9j: 
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S[«Pi\¥o]\i 



=±E V 



<fia 








<PI 





^P i ^F + C T 2 V / T (£) 



(24) 



where C is the sum of all Dirac constraints (HE]. Momenta P v ± = ±2^ become the generator 
of evolution of all variables with respect to the evolution parameter ip p] forward and backward, 
respectively. The negative energy problem can be solved by the primary quantization of the 
energy constraint [P<? — E%\ ^ u = and the secondary quantization \P U 



the Bogoliubov transformation A + = aB + +(5*B 
by the condensation of "universes" < 0|-[A + A + 



(l/y/2Ej[A+ + A-] by 
in order to diagonalize the equations of motion 

-j4~A~]|0 >= R(tp) and describe cosmological 

creation of a "number" of universes < 0| A + ^4~ |0 >= N(ip) from the stable Bogoliubov vacuum 
B~\0 >= 0. Vacuum postulate B~\0 >= leads to an arrow of the invariant time ( > (|TH|) 
and its absolute point of reference C = at the moment of creation ip = <pj (31 EI; whereas the 
Planck value of the running mass scale ipo = ip(C = Co) belongs to the present day moment Co- 
The reduced action (|2~4"|l shows us that the initial data at the beginning ip = (pj are independent 
of the present-day ones at tp = ipo, therefore the proposal about an existence of the Planck epoch 
(p = (po at the beginning [2] looks very doubtful. 



4. W-,Z- Factory versus the Planck epoch 

The low-energy expansion of the "reduced action" (|24"|l over the field density T sm 

+ ... 



2d<p\/ T ° = 2d<py/ p (<p) + T sm = dip 2a/ p (if) + T sm / a/ po(f) 



gives the sum: constraint = S^ mic + S^ d + where S^ mic [ipi\ip ] = -2Vq f dip^ p (ip) is 

<Pi 

the reduced cosmological action and 



'/o 



S 1 



(+) 

field 



drj I d x 



^P F d v F-T m 



(25) 
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is the standard field action in terms of the conformal time: d( = di] = dip/ ' \J po(ip) in the 
conformal flat space-time with running masses m(rj) = a(rj)mQ. 

This low-energy expansion identifies the "conformal quantities" with the observable ones 
including the conformal time dr], instead of dt = a(rj)dr], the coordinate distance r, instead of 
Friedmann one R = a(rj)r, and the conformal temperature T c = Ta(rf), instead of the standard 
one T. In this case, the cosmological redshift of the spectral lines 

^emission ^atom(% ~ - r) 1 

= = -, — r — = = a(riQ — r) = 

E m a t om (7?o) ¥>o 1 + z 

is explained by the running masses m = a{rj)mo in action (|2~o|) [TT j H2 | fT3"|. 

The conformal observable distance r loses the factor o, in comparison with the nonconformal 
one R = ar. In the units of "conformal quantities" the Supernova data EH are consistent 
with the dominance of the stiff (rigid) state, frigid — 0.85 db 0.15, ^Matter = 0.15 ± 0.15 [T2lll3j . 
If ^Rigid = 1, we have the square root dependence of the scale factor on conformal time a(r]) = 
\Jl + 2Ho(t) — 770) - Just this time dependence of the scale factor on the measurable time (here 
- conformal one) is used for description of the primordial nucleosynthesis This stiff state 

is formed by a free scalar field when E v = 2Vov / Po = Q/<P and Q/2Vq = -ffo^o = Hi^j 1S an 
integral of motion. 

These initial data tpj and Hj can be determined by the parameters of matter cosmologically 
created from the vacuum at the beginning of a universe rj ~ 0. 

The Standard Model (SM) density T sm in action l(23|l shows us that W-, Z- vector bosons 
have maximal probability of this cosmological creation due to their mass sing ularity [Hj. O ne 
can introduce the notion of a particle in a universe if the Compton length of a particle defined 
by its inverse mass Mj -1 = (aiMw) -1 is less than the universe horizon defined by the inverse 
Hubble parameter H^ 1 = af(HQ)^ 1 in the stiff state. Equating these quantities Mi = Hi one 
can estimate the initial data of the scale factor af = (Hq/Myj) 2 ^ 3 = 10~ 29 and the primordial 
Hubble parameter Hi = W 29 Ho ~ 1 mm -1 ~ 3K. Just at this moment there is an effect of 
intensive cosmological creation of the vector bosons described in ^3]; in particular, the distribu- 
tion functions of the longitudinal vector bosons demonstrate us a large contribution of relativistic 
momenta. Their conformal (i.e. observable) temperature T c (appearing as a consequence of col- 
lision and scattering of these bosons) can be estimated from the equation in the kinetic theory 
for the time of establishment of this temperature ^relaxation ~ n (^c) x cr ~ H, where n{T c ) ~ T 6 3 
and a ~ 1/M 2 is the cross-section. This kinetic equation and values of the initial data Mi = Hi 
give the temperature of relativistic bosons 

T c ~ (M?Hi) 1/3 = (M$H ) 1/S ~ 3K (26) 

as a conserved number of cosmic evolution compatible with the Supernova data ^21E3E3- We 
can see that this value is surprisingly close to the observed temperature of the CMB radiation 
T c = Tcmb = 2.73 K. 

The primordial mesons before their decays polarize the Dirac fermion vacuum (as the origin 
of axial anomaly) and give the baryon asymmetry frozen by the CP-violation. The value of the 
baryon-antibaryon asymmetry of the universe following from this axial anomaly was estimated 
in |14j in terms of the coupling constant of the superweak-interaction 

n 6 /n 7 ~ X CP = 10- 9 . (27) 

The boson life-times tw = 2Hjr]w ~ (2/aw) 2 ^ 3 — 16, tz ~ 2 2 ^ 3 T\y ~ 25 determine the present- 
day visible baryon density 

fit ~ aw = olqedI sin 2 9w ~ 0.03. (28) 
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All these results iffiijl - J2B) testify to that all visible matter can be a product of decays of 
primordial bosons, and the observational data on CMBR can reflect parameters of the primordial 
bosons, but not the matter at the time of recombination. In particular, the length of the semi- 
circle on the surface of the last emission of photons at the life-time of W-bosons in terms of the 
length of an emitter (i.e. M^(r]i) = (avi//2) 1 / 3 (T c ) _1 ) is it ■ 2/a.y/ ■ It is close to l m i n ~ 210 of 
CMBR, whereas (AT/T) is proportional to the inverse number of emitters (aw) 3 ~ 10 -5 . 

The temperature history of the expanding universe copied in the "conformal quantities" looks 
like the history of evolution of masses of elementary particles in the cold universe with the con- 
formal temperature T c = a(rf)T of the cosmic microwave background. In the superfluid version of 
cosmology ^2], the dominance of stiff state Slgttff ~ 1 determines the parameter of spatial oscilla- 
tions m? s = |ffo[^R(- z + l) 2 + |^Mass(^+l)]- The values of red shift in the recombination epoch 

TT 7T 

z r ~ 1100 and the clusterization parameter ^clustering = — ~ — ~ 130 Mpc re- 

"»(-) H n]( 2 (i + z r ) 

cently discovered in studies of a large scale periodicity in redshift distribution ^B] lead to a 
reasonable value of the radiation-type density 10~ 4 < ~ 3 • 10~ 3 < 5 • 10 -2 at the time of 
this epoch. 

5. Conclusions 

The conservation of the number of variables of GR after the separation of the cosmological scale 
factor from all fields leads to the Hamiltonian version of GR where the cosmic evolution acquires 
the pattern of a superfluid motion without the friction-type interaction. In this version the 
scale factor is an evolution parameter in the "field space of events" [(/9|F^ n )], and its canonical 
momentum (i.e. the Hubble "parameter") plays the role of the generator of evolution of the fields 
pi n ) _ The values of the scale factor momentum for solutions of the equations of motion can be 
called the "reduced energies". 

The solution of the problem of the "negative reduce energy" by the primary quantization and 
the secondary one (on the analogy of the pathway passed by QFT in the 20th century) reveals 
in GR other attributes of the theory of superfluid quantum liquid: London-type WD W wave 
function and Bogoliubov-type condensate of quantum universes. The postulate of the quantum 
Bogoliubov vacuum as the state with the minimal "energy" leads to the absolute beginning of 
geometric time. 

The Hamiltonian approach leads to potential perturbations of the scalar metric components 
in contrast to the standard cosmological perturbation theory [T| keeping only the kinetic per- 
turbations which are responsible for the "primordial power spectrum" in the inflationary model 
[2]. The Quantum Gravity considered as the theory of superfluidity gives us a possibility to 
explain this "spectrum" and other topical problems of cosmology by the cosmological creation 
of the primordial W-, Z- bosons from vacuum, when their Compton length coincides with the 
universe horizon. 

The correspondence principle as the low-energy expansion of the reduced action identifies 
the conformal quantities with the "measurable" ones, and the uncertainty principle establishes 
the point of the beginning of the cosmological creation of the primordial W-, Z- bosons from 
vacuum due to their mass singularity at the moment a 2 ~ lO -29 ,^^ 1 ~ 1 mm. In this case, 
the equations describing the longitudinal vector bosons in SM are close to the equations of the 
inflationary model used for description of the "power primordial spectrum" of the CMB radiation 
[2j ■ We listed the set of theoretical and observational arguments in favor of that the CMB 
radiation can be a final product of primordial vector W-, Z- bosons cosmologically created from 
the vacuum. 
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